accuracy for all the measured frequency differences. This set of measurements includes the lg20s04 line, which is in close coincidence with the P(14) I2cl60 line and whose frequency has been connected to the Cesium primary 2 standard with the same accuracy.
Introduction. -As described in our previous paper [ 11, an absolute frequency reference grid using lasers locked to saturation resonances of heavy molecules like OsO& has a number of advantages over the C02 marker grid obtained by thefluorescence 2) For Os04, hyperfine structures are either completely resolved (1890s04) or absent (1900s0q, 192~s~4) [5~ 1121.
3) For such a heavy molecule the recoil splitting (15 Hz) [ In this paper we present a grid of frequency markers which covers 1.12 THz from the P(22) to the R(26) 12c160 laser lines using the natural isotopic mixture 2 of Os04. Fig. 1 shows the v bands of 192~s0 and 189~s04 between 940 and 980 cm' 4 and the position of the 1231602 laser lines in the same spectral region.
Adjacent C02 lines and lines separated by as much as 339 GHz have beenconnected by direct harmonic mixing with an X-band or a millimeter-wave klystron in a point-contact diode. The modified Villetaneuse spectrometer is shown in Fig. 2 and is described in more detail in [ 4 ] . The two low-pressure highly stable C02 lasers are locked to narrow saturation peaks of Osmium tetroxide using third-derivative servo-loops. Their spectral purity is of the order of 1 kHz when the lasers are free-running and lOOHz when they are locked to saturation lines. In order to estimate systematic shifts, the two laser beams are transmitted through separate absorption cells. Great care has been taken to control the wavefront quality in order to avoid curvature shifts [ 9 ] . In both optical systems wavefronts are flat to a very small fraction of a fringe over the beam diameter. The standing waves are produced by high quality retroreflector corner cubes. These have been built with three A110 plane mirrors, optically contacted with an angular precision of the order of 1 to 2 seconds.
The absorption lengths are respectively 6 and 51 meters giving peak-to-peak third-derivative linewidths of the order of 60 kHz and 20 kHz respectively at the optimum signal-to-noise ratio. These linewidths result from coll'sion, power and -t modulation broadening. Typical pressures are Torr and 5x10 Torr respectively. 
I
CO R(22) line center. The symmetry of this third-derivative line in the 6 m long cell was carefully checked as a function of modulation index, pressure and intensity. Large variations of these parameters did not give any significant change of the beat frequency (< 30 Hz) between the two lasers locked independently to saturation peaks.
On the other hand, the third-derivative line in the large absorption cell is not symmetric in the -Torr pressure range for which the signal-to-noise ratio is optimum. This is due to a curvature shift associated with the 3 meter long converging-diverging part of the beam inside the cell. This section of the beam contributes to the observed signal with a large saturation parameter under these conditions. At very high pressure (P > 3x10-~ Torr) or at very high resolution (P < Torr) the line becomes symmetric.
In order to investigate the sign and the amplitude of this systematic frequency
i n coincidence with the P( 12) CO l a s e r l i n e 110 1. F i r s t , the 457.15 kHz f 60 Hz (10) 2 s n l i t t i n g has been measured by s u c c e s s i v e l~ locking the same l a s e r on both comaonents, t h e second l a s e r remaining locked t o another l i n e . Then by interchanging l a s e r s locked t o t h e two components of the doublet and by varying pressure, i n t e n s it y and modulation index, we have been a b l e t o give an estimate of t h e frequency s h i f t i n our operating conditions. The l a s e r i s found t o be locked a t -600Hz (f 400 Hz) from t h e molecular resonance, with a s i g n i n agreement with the theoret i c a l p r e d i c t i o n of [ 9 1.
receives beams from t h e two s t a b i l i z e d CO l a s e r s and power from a k l y s t r o n with a frequency corresponding t o t h e frequency 2 difference between C02 l i n e s . To measure the frequency d i f f e r e n c e between Os04 l i n e s i n coincidence with adjacent C02 l i n e s , the X-band k l y s t r o n was multiplied by 4 t o 7, phase-locked t o t h e beat note and d i r e c t l y counted by a microwave counter. I t s time base has been c a l i b r a t e d a g a i n s t a Cs frequency standard. S i m i l a r l y , a millimeter wave k l y s t r o n was used t o connect non-adjacent l i n e s . This allowed us t o reduce u n c e r t a i n t i e s , t o avoid e r r o r propagation and t o d e t e c t possible systematic e r r o r s . The grid of measured frequency differences is displayed in Fig. 5 ; the uncertainty (1 a) for an individual measurement is+0.9kHz.For the sake of conveniencewe chose on each low-pressure CO laser emission profile (k50MHz) the most intenseand isolated OsO saturation line? We did not find any coincidence within* 50MHzon the P(6) and ~( 2 4 C02 lines. However, with a high-pressure waveguide C02 laser having more than 500 MHz tuning range we have shown [ 1 1 ] that it is possible to reach a large number of Os04 lines for each CO line. Many of these are fundamental lines 2 of the v3 band and are under investigation for their spectroscopic interest [12] .
The internal consistency of our measurements can be checked by calculating frequency differences using different pathways through the OsO grid. As an example the P(4) -P(14) distance measured by two possible ways differs4 only by 1.5 kHz, well inside the f 2.3 kHz (1 o) calculated uncertainty. The calculated uncertainty over the whole grid, R(26) to P(22), is only 3.3 kHz.
The 0.9 kHz uncertainty of the individual measurements comes from the following error budget : -the statistical uncertainty was found to be 0.7 kHz (1 a) .
This includes : 1) exchange of the side-bands used for klystron stabilization, 2) large variations of the frequency modulation index of the CO 2 lasers, 3) OsO pressure changes, and 4) laser permutations and optical adjustments .
4
-As discussed before a + 0.6 ( f 0.4) kHz correction has been applied to the frequency of the laser locked to the Os04 saturation peaks in the large cell, to ke into account the curvature shift of the line.
-A * 2 uncertainty comes from possible drifts of the time base between calibrations against the Cesium clock.
-A * 0.2 kHz error is also added to include electronic offsets.
We give in table 1 the measured frequency separations between the various OsO lines and the OsO peak which is in coincidence with the C02 P(14) laser line. 4 4 Using the absolute value of this line reported in [7] [ 8 ] we give the absolute frequency of the Os04 lines determined from our work. In order to help the users of these frequency markers the last column of table 1 indicates the approximate frequency off sets from the corresponding C02 line centers [ 13 1.
Conclusion
These results have still to be considered as preliminary ones since the present uncertainty can be reduced by at least two orders of magnitude. The most important limitation comes from the asymmetry of the Os04 line in the large cell. This system was designed for high resolution and not for metrological applications. For this purpose an external telescope would be desirable in order to avoid any wavefront curvature in the interaction region.
As pointed out in our previous paper this grid can be extended by using many other molecules, among which are Ru04 [ 141 from 900 to 940 cm-' and Xe04 [ 15 ] from 810 to 900 cm-l, and also by using N,O and isotopic species of GO, in conventional or waveguide lasers. These frequencyLstandards can be used to syn:hesize and measure accurate frequencies between 1 THz and 150 THz. At the present time these markers are already used to give an absolute frequency calibration of'spectra of various molecular species in the 10.4 ~u n region [ 1 1. Absolute frequency i n Frequency d i s t a n c e kHz(reference 1920s0 ) t o C02 i n MHz 4 Table 1 
